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Introduction
Building up knowledge organization systems (KOS) as thesaurus or ontologies is a complex task that usually starts by generating a corpus of terms (Kim and Cavedon, 2011) . Then, terms can be structured by establishing relations among them. In this sense, a KOS is a form of knowledge representation that aims at organizing the terminology for a particular purpose.
Generalization/specialization ("gen-spec") is a relation between classifiers (here: terms) that implies a taxonomic relation and its subsequent inherit semantics. According to Aitchison et al. (2000) , thesauri employ a broader/narrower hierarchy (ISO 25964, 2013) providing additional information about which terms are broader, which terms are related and which terms can be used as synonyms. Similarly, ontologies use a "is-a" relation for representing hierarchies that are comparable to the above-mentioned relation in thesauri.
The common understanding of this kind of relations considers them as "all-or-nothing," assuming the relation to be equally strong between a classifier and any of its gen-spec-related classifiers and also at every level of the hierarchy, which has been considered as an oversimplification of the psychological account of the real-world relations (Cohen and Murphy, 1984; Sicilia et al., 2003; Cross, 2004; Hu et al., 2007) .
Assigning a grade of relative distance to represent the level of similarity between the related pairs of classifiers could be valuable for search and information retrieval purposes . In addition, it could be applied for the visual representation of KOS (Gaona-García et al., 2017) . More precisely, regarding information retrieval it can be used to establish weights for better decision making on the suggestion of related search terms or related results. In the visual representation area, this can be used to decide on the representation of the different terms or classifiers and their positions in the screen.
The theory and potential behind the "concept specialization distance" was described by Sicilia et al. (2003) , but there is a lack of testing its practical applicability from the end-user point of view. In this paper, we aim to fill this gap providing first insights on the evaluation of the concept specialization distance as described by Sicilia et al. (2003) , using a selection of terms from the AGROVOC thesaurus (Leatherdale et al., 1982) which covers all areas of interest of the Food and Agriculture Organization of the United Nations , including human nutrition, animal husbandry, forestry, aquatic sciences, fisheries and many aspects of agriculture.
Since there are no existing KOS containing this information about the relative distance to represent the level of similarity between pairs of classifiers (namely "concept specialization distance"), the first step to proceed with the evaluation was to assign distance values to an existing KOS. In order to achieve this, we first analyzed AGROVOC to find a suitable sample for the experiment. Then a group of 21 persons was asked to assign values to the different relations, aiming to obtain a consistent data set of specialization distances from an end-user perspective and thus assign definitive weights to the relations.
Once the data set of "concept specialization distances" was ready, the information was integrated in the KOS in order to measure the impact from the end-user perspective. For this, two sets of representations for the relations between terms were built, one according to the calculated concept of specialization weights and the other one following the original order of the thesaurus (alphabetical). In total, 40 persons were asked to choose between the versions in an A/B test-like experiment, and short interviews were carried out after the test to inquiry about their decisions.
The paper is structured as follows. First, we provide a brief background about gen-spec relations as the approach to assign a grade of relative distance to represent the level of similarity between the related pairs of classifiers and the expected impact in search, information retrieval and KOS visualization. This is followed by a description of the selection and preparation of the materials and the methodology employed. Next, we provide and discuss the results. Finally, we present our conclusions and look into the opportunities for future research.
Background
A "gen-spec" relation exists between two entities (that are also named as classifiers, classes, subjects, etc.) if one of the entities evokes a specificity of the other one. The "gen-spec" concept is one of the essential concepts on knowledge representation (Fotzo and Gallinari, 2004) and is not only widely used for the construction of KOS (like the "is-a" relation in ontologies) but also in fields such as logic, general-purpose object-oriented modeling notations (Object Management Group, 2013) or programming languages (Norrie et al., 1994) .
The "gen-spec" relation permits to build a hierarchical organization of the concepts that are present in a corpus of terms. That is useful not only to provide a hierarchical organization of a collection of documents, but also to facilitate more complex tasks like the
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The case of AGROVOC predictions' cases (Cerri et al., 2014; Khan et al., 2014) in the gene-ontology. Fotzo and Gallinari (2004) claimed that even though other types of relations can lead to a hierarchical organization of concepts and documents, the "gen-spec" relation is very intuitive for users and is the most often used relation for structuring collections.
In fact, the utility of providing and refining collections' hierarchies has been a research topic by itself (Ryutaro et al., 2001; Morita et al., 2014) , and several authors have proposed semi-automatic (Chodorow, 1985) and automatic approaches (Dupret and Piwowarski, 2006) to support this task. Sicilia et al. (2003) pointed out that the common understanding of the "is-a" relation considers it as "all-or-nothing," in the sense that the relation is equally strong between a class and any of its sub-classes, and also at every level of the hierarchy. They consider that this assumption is in many cases an oversimplification of the psychological account of the real-world relations (Cohen and Murphy, 1984; Cross, 2004; Hu et al., 2007) and that most current "gen-spec" semantics simply neglect this fact, resulting in a subtle problem of epistemological adequacy (McCarthy and Hayes, 1968) .
In their paper, they provided an extreme example, supposing a hierarchy rooted in the mammal class, with sub-classes domestic cat, and primate, and Siamese-cat as a subclass of domestic cat. Following their example is easy to subjectively appreciate that the first specialization level represents a bigger step than the second, and that the distance from the abstract mammal category to primate is somewhat shorter than its distance to domestic cat.
To overcome this situation, they proposed to assign a grade of strength or relative distance to represent the level of similarity between the class and its subclass. As a result of this work, they specified a way to extend DAML + OIL to encode resemblance relations within RDF files and implemented it in a web prototype which used resemblance relations to navigate through product categories. Garcia and Sicilia (2003) proposed how ontologies could be used to give direct support to the search tactics described by Bates (1990) . More specifically, they defined the relationship of the "gen-spec" relation with Bates' search tactics as shown in Table I .
Regarding the "RELATE" tactic, it should be noticed that although the "immediate covering concepts" can be obtained by ordering the covering concepts by extent size, it is not a simple decision where to move up and down when several alternatives are available. This is one of the use cases in which the concept specialization distance described by Sicilia et al. (2003) could be helpful.
Search interfaces which use the suggestion of related terms (RTs) could make use of this relation, but in some cases the number of "superordinate," "subordinate" and "coordinated" terms -in the sense described by Bates (1990) -is very large and there is no way to compute which terms would be better suggestions as long as the relation is equally strong between a "superordinate" and any of its "subordinate" terms, and also at every level of the hierarchy. Providing a distance degree between terms could help in this decision. In a similar way,
Search tactics
Bates' description Relationship with "gen-spec" relation SUPER To move upward hierarchically to a broader (superordinate) term
Straightforward navigations through the generalizationspecialization hierarchy of the ontology SUB To move downward hierarchically to a more specific (subordinate) term RELATE To move sideways hierarchically to a coordinate term
Involves "crawling" the generalization line of the concept up to its immediate covering concept (possibly more than one), and then deciding which specialization is closer to the original one Table I .
Relationship between "gen-spec" relation and Bates' search tactics as defined in Garcia and Sicilia (2003) 862 OIR 41,6
information retrieval approaches as the augmentation of user queries using ontology-based query expansion (Segura et al., 2011) and tactics aiming to augment the number of potential significant results could take benefit of this information. Distances between terms could be easily represented, for instance using diagrams with different distances between the nodes which means that the use of the concept specialization distance could also be employed in KOS visualization techniques. Using visualization techniques to represent, navigate and browse through KOS could be a very helpful tool not only to support searching (Bates, 1989) but also for learning and educational purposes (Martín-Moncunill, Gaona, García-Barriocanal and Sánchez-Alonso, 2015) . On the other hand, building up this kind of interfaces is not a simple task and the design decisions should be considered by taking into account the specific objectives, users and contexts of use as well as the particularities of the KOS (Gaona-García et al., 2014) .
The representation of high numbers of terms is one of the most relevant challenges regarding the visualization of KOS. For instance, in AGROVOC there are more than ten levels of depth (Martín-Moncunill, Sicilia-Urban, García-Barriocanal and Sanchez-Alonso, 2015) and in several cases there are dozens (and even more than a hundred in some of them) of "coordinated" terms. This fact greatly difficult its representation in a way it is useful for an end-user browsing through it; not only due to screen limitations but also due to the user capability to avoid getting lost while trying to navigate through vast amounts of terms. Approaches like the one described by Julien et al. (2013) aim to facilitate browsing for documents by capitalizing on the highly uneven distribution of real-world collections by reducing the subject tree complexity. Having information about the "distance degree" could support the decision on how to show or hide certain terms.
Understanding the context of the classification scheme concept and the relations that link the terms is another common problem from the end-user perspective (Martin-Moncunill et al., 2013) , especially when all the terms and their relations are represented in a similar way (i.e. same colors, same shape, same visualization level, etc.). This situation is aggravated in cases where users can subjectively appreciate that the distance between the different specialization levels or between the "coordinated terms" is not always the same.
In consequence, the notion of distance between gen-spec-related concepts could be a valuable tool to facilitate search and information retrieval tasks and also to simplify and improve visualization techniques. The focus of this experiment is to make a human evaluation of the distance between terms following the approach described by Sicilia et al. (2003) , and to provide information about its impact from the user-interaction perspective. In fact, the latter was pointed out as part of the future work in the just mentioned paper.
There are no previous experiments concerning how to assign concept specialization distance values to a KOS, and there are also no previous experiments about how to evaluate the practical applicability of using this information. Assigning concept specialization distance values means assigning a grade of relative distance to represent the level of similarity between related pairs of classifiers, which is based on the fact that different specialization distances could subjectively been appreciated between the different specialization levels in a gen-spec hierarchy.
Studies which subjectively evaluate aspects regarding the use of KOS such the ones related to automatic keyphrase extraction based on KOS (Lim et al., 2013) or the domainspecificity of KOS (Martín-Moncunill, Sicilia-Urban, García-Barriocanal and SanchezAlonso, 2015) show that this kind of evaluation requires a considerable amount of time for the participant to conduct the evaluation. Also, in most cases a considerable amount of expertise in the KOS domain (Frank et al., 1999) is needed, which strongly hinders finding participants willing to unselfishly take part on the experiment (Lim et al., 2013) and most of these studies usually involve a reduced number of participants ( Jones and Paynter, 2001; El-Haj et al., 2013 ; Martín-Moncunill, Sicilia-Urban, García-Barriocanal and Sanchez-Alonso, 2015; Martín-Moncunill, García-Barriocanal, .
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The case of AGROVOC The main tool used in this kind of experiments consists of the use of rating scales (Andrich, 1978) -mainly Likert type (Allen and Seaman, 2007) -since this tool has proven its value to elicit information by giving a quantitative value on a subjective dimension. Following this approach, we found that using a five-point rating scale was a proper way to construct the concept specialization distance data set. As our experiment was the first approach to evaluate the concept specialization distance, we decided to ask all the participants about the adequateness of using this five-point rating scale: if they had problems due to the scale range or if they would have felt more comfortable using another system -once the distance results were gathered.
For the evaluation of the practical applicability of the use of the concept specialization distance information, we used methods coming from the usability (Holzinger, 2005) , more precisely we employed paper prototyping (Snyder, 2003) for the elaboration of the visual and text-based scenarios. These prototypes were analyzed by the authors first following the cognitive walkthrough technique (Rieman et al., 1995) , then final potential users were asked to evaluate the developed interfaces following an A/B testing approach (Speicher et al., 2014) in which cases were presented containing the specialization distance as well as the same cases without it. Finally, semi-structured interviews (Hove and Anda, 2005) were used to extract additional qualitative data to complete the A/B testing feedback.
Materials and methods
In our experiment, we tried to fill the gap concerning the practical applicability of using the concept specialization distance in information systems, focusing on information retrieval tasks.
The first step in order to evaluate the "concept specialization distance" is having a KOS including this information. In order to achieve this, we asked potential final users to assign values using a rating scale (Andrich, 1978; Allen and Seaman, 2007) to get their subjective appreciation of the distance. Prior to this, we had a short interview with every participant in order to explain the logic and purpose behind the concept specialization distance. As explained in the background section, we found this approach to be the most suitable as we were looking for means assigning a grade of relative distance to represent the level of similarity between related pairs of classifiers, which is based on the fact that different specialization distances could subjectively been appreciated between the different specialization levels in a gen-spec hierarchy.
Also, considering that there were no previous evaluations of the practical applicability of the concept specialization distance, we hold another semi-structured interview after every participant provided its results for the data set, asking about the problems found while trying to assign the concept specialization distance values focusing on:
(1) the terms included for the experiment;
(2) the relations between terms; and (3) the adequateness of using a five-point rating scale for the rating, if they had problems due to the scale range or if they would have felt more comfortable using another system.
Finally, the results provided by the persons participating in the experiment were used to compose a data set containing the calculated distances between terms according to their subjective appreciation. The analysis results of both, the global and per level rater agreement, were analyzed.
Once the "concept specialization distance" data set was obtained, we were able to implement use cases in which this information could be helpful to support users regarding information retrieval tasks. Two scenarios were envisaged: text-based search interface and visual search-browsing interface (Gaona-García et al., 2017) . According to this, and following 864 OIR 41,6 the paper prototyping method (Snyder, 2003) , two paper prototypes which were initially inspected by the authors following the cognitive walkthrough method (Rieman et al., 1995) were developed.
The evaluation of the paper prototypes was done following an A/B testing approach (Speicher et al., 2014) contrasting the cases containing the specialization distance and the same cases without it. The cases were presented to 40 persons that were not participating in the previous part of the experiment. This quantitative approach was supported with quantitative feedback, gathered just after the test was finished through a short interview aiming to collect further explanations about their decisions.
Selection of terms
The AGROVOC multilingual thesaurus is developed and maintained by the FAO of the United Nations covering all FAO's areas of interest. The motivation for the AGROVOC development was to standardize the indexing process and facilitate searching in the System for Agricultural Science and Technology database -a highly comprehensive collection of more than 7.6 million bibliographic records. Nowadays, AGROVOC is expressed in SKOS, published as linked data and aligned with ten other multilingual KOS (Caraciolo et al., 2012) .
AGOVOC concepts are organized in a hierarchy with four relations defining the relations between them, namely:
(1) Narrower term (NT): if X is a NT of Y, then X is narrower in some sense than Y.
For example, "food preservation" NT "Brining."
(2) Broader term (BT): if Y is a BT of X, then X is broader than Y; for example, "brining" BT "food preservation." BT is the inverse of NT.
(3) Related term (RT): this relation expresses any kind of associative relations between two terms that is not hierarchical. It is the default for all relations, so it is very ambiguous.
(4) Used for (UF): it is an equivalence relation which indicates that term X is UF term Y for indexing purposes.
In this sense, NT and BT relations are hierarchical relations which follow the "gen-spec" concept, making AGROVOC a suitable KOS for the experiment. The first stage of the experiment consisted in analyzing AGROVOC to find a suitable sample of terms. More precisely, we looked for a set of common-use terms, aiming to ensure that the lack of expertise in the domain was not biasing the results.
Following this approach, it was possible to assign the specialization distance for the selected sample of terms from an end-user feedback perspective by asking 21 participants to subjectively assign specialization distance values using a five-point rating scale. The analysis of these results led to the elaboration of a data set containing the terms and specialization distances, adequate for the user-interaction evaluation, which, as previously stated, followed an A/B testing approach, where subjects had to choose between specialization distance search cases or the ones not containing this information. AGROVOC has 25 top-level concepts, i.e. descriptors without any BT. Given this, we can argue that each of these concepts constitutes the different main sections or branches in AGROVOC. Not only the number of terms and hierarchy levels varies significantly, but also their domain-specificity and complexity to be understood by subjects not related to the domain.
The analysis of AGROVOC branches made as part of previous research (Martín-Moncunill, Sicilia-Urban, García-Barriocanal and Sanchez-Alonso, 2015) showed up that branches as the ones headed by the terms "organisms" or "substances" were "highly specific," containing mostly scientific and vulgar names of different species and
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The case of AGROVOC substances related to AGROVOC domains. These kinds of branches were not suitable for the experiment since a high domain-knowledge would be required for the evaluation which was not the approach of the current experiment.
Table II shows the AGROVOC top-level concepts and their number of NTs, classified by their depth.
As previously exposed, our purpose was not to focus only in one type of user profile (i.e. expert in the agricultural domain) as this could limit or even bias the experiment's results. In addition, it should be considered that the number of relations to be evaluated should be adequate for the persons, in the sense that they could bias their evaluation due to tiredness, tedium or simply by feeling overwhelmed by the number of terms, relations or hierarchy levels. For the same reason, considering that the participants in the experiment were not knowledge organization experts, we employed a five-point rating scale to evaluate their subjective appreciation of the concept specialization distance.
Our analysis, which followed the conclusions of the above-mentioned previous experiment, lead as to find a subsection of common-used terms in the "Products" branch, nested under the "food" term. As shown in Table III , it could easily be noticed that most of these terms are common-used ones, avoiding understanding problems that could arise if using other branches containing a high number of domain-specific terms which would require knowledge in the agricultural domain to be classified.
It should be noticed that there could be other selections of terms which could be adequate for the experiment but we chose these ones for the sake of familiarity and simplicity and having in mind that the number of terms nested under "food" would not overwhelm the subjects participating in the experiments. Substances  58  229  658  692  882  604  215  34  0  0  Entities  90  301  431  345  397  572  223  103  14  0  Phenomena  27  173  344  405  494  218  53  2  0  0  Activities  88  490  365  183  147  112  26  4  0  0  Features  3  42  39  252  615  73  16  0  0  0  Products  17  140  409  357  106  11  0  0  0  0  Methods  36  228  178  73  27  1  0  0  0  0  Properties  27  192  175  49  14  1  0  0  0  0  Objects  4  108  203  97  13  0  0  0  0  0  Resources  8  17  29  89  50  214  9  0  0  0  Subjects  5  33  80  87  86  80  21  5  0  0  Systems  29  124  60  26  44  28  17  8  0  0  Location  21  29  18  47  61  95  11  0  0  0  Groups  41  97  70  48  7  3  0  0  0  0  Measure  81  86  45  3  0  0  0  0  0  0  State  46  57  41  16  3  0  0  0  0  0  Stages  2  12  46  16  4  0  0  0  0  0  Technology  20  12  20  16  3  2  0  0  0  0  Processes  15  27  17  6  1  0  0  0  0  0  Factors  11  14  25  7  2  0  0  0  0  0  Time  6  15  2  1 
Selection of participants
The objective of the experiment was to inquire and get a first insight about the practical utility of the use of the concept specialization distance , in the scope of information retrieval (i.e. searching and browsing). In this context, no specific user profile was required, beyond an adequate knowledge of English and to be familiar with search tasks using information systems. As seen in the previous section, following this approach the sample of AGROVOC terms selected for the experiment were all common-knowledge ones (related to food and beverages), so all the participants could perfectly understand the concepts and the relation between them.
Participants in the experiment were undergraduate and master-level students as well as researchers, all related to the field of e-learning and educational technologies. This guaranteed the previous mentioned aspects regarding the participants' profiles, which were also verified in the interview prior to the development of the experiment. None of the participants had a solid understanding of KOS and no significant differences were detected in the results obtained from the groups in which the participants could be framed (e.g. student/researcher, by age, sex, etc.).
Elaboration of the concept specialization distance data set
In total, 21 participants were asked to evaluate the concept specialization distance between a set of AGROVOC terms. The sample included university-level students, researchers and professors coming from different knowledge branches. As previously stated, our purpose was not to focus only in one type of user profile as this could limit or even bias the experiment's results.
The participants were provided with the whole hierarchy of the selected terms and a form in which they should indicate their subjective appreciation of the specialization 
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The case of AGROVOC distance between pairs of terms using a five-point scale where 5 represented the farthest distance and 1 the closest. The results provided by the persons participating in the experiment were used to compose a data set containing the calculated distances between terms according to their subjective appreciation.
To support this task, the participants were provided with forms showing the whole hierarchy (as shown in Table IV ) and also others forms containing only the terms at the same level (as shown in Table V ) .
Evaluating the end-user interaction
The evaluation was done following an A/B testing approach in which cases considering the specialization distance and the same cases without it were presented to 40 persons that were not participating in the previous part of the experiment. The participants had to choose between the cases elaborated according the concept specialization distance and the cases not considering it, presenting a total of five search cases to every user.
The criteria for building the scenarios were:
• the terms of the chosen sub-branches should be of common use, as simple and universal as possible to avoid that the understanding of them would be an impediment to the correct realization of the experiment; and
• the sub-branches should contain appreciable distances between their terms, so that it would make sense to represent them for the evaluation of the concept specialization distance. We consider two scenarios in which the concept specialization distance information could be useful for the end-user perspective, one text-based scenario and one visual-interface scenario:
(1) Text-based scenario: a user searches for a term according to a specific search context, and we propose related searches (as text keywords) according to the concept specialization distance information. Figure 1 shows the suggested related searches not considering the distance (ordered only by the hierarchy and the alphabetical order) and Figure 2 the suggested related searches ordered by the concept specialization distance information.
(2) Visual-interface scenario: a user navigates through a hierarchy using a visualization interface (Gaona-García et al., 2014) placing the terms according to the specialization distance information. Figure 3 shows the hierarchy not considering the distance and Figure 4 shows the hierarchy considering the distance, according to the results shown in Table VI : The size of the arrows in Figure 4 connecting the terms represents the concept specialization distance, being proportional to the values in Table VI .
It should be noticed that the examples provided in Figures 1-4 are the simplest ones, containing only one specialization level to facilitate reader's understanding of the experiment.
You are looking for "beverages", suggested terms would be: alcoholic beverages, cocoa beverages, coffee, coffee substitutes, fruit juices, herbal teas, mate, soft drinks, tea, tea substitutes You are looking for "beverages", suggested terms would be: alcoholic beverages, fruit juices, soft drinks, vegetable juices, herbal teas, cocoa beverages, coffee, tea, mate, apple juice, grape juice 
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The case of AGROVOC No explanation was provided to the participants about the logic under the order of the terms or the length of the arrows: In fact, one of the aspects considered for the experiment was to observe if the participants could recognize this logic by their own. In order to provide us with some additional qualitative information, we interviewed all the participants after the A/B experiment, asking them to answer two specific questions and to provide further explanations about their decisions. The specific questions were:
(1) Do you understand the logic behind the cases? (if not it was explained to the participant at this moment).
(2) Do you consider the concept specialization distance to be useful (once knowing about it)?
4. Results and discussion 4.1 Results of the elaboration of the concept specialization distance data set In the first part of the experiment, 21 participants were asked to evaluate the concept specialization distance between the set of AGROVOC terms nested under "food" using a five-point Likert scale (where 5 represented farthest distance and 1 the closest). The results were gathered in a table and the mean and deviation values were calculated for each term, for each hierarchy level and for the whole selection of terms. Table VII contains an excerpt  of the table of results for the Level 3 terms and Table VIII shows the overall results. As it can be seen in Table VIII , either the global and per level rater agreement are significantly high, also the deviation was inferior to 1 for every term. Every user was asked about the adequateness of using a five-point rating scale for the rating, if they had problems due to the scale range or if they would have felt more comfortable using another system. When asked, all 21 participants stated that it is adequate to use the five-point Likert scale for the selection of terms. In total, 11 of them (52.3 percent) stressed that in the case of using a larger scale (e.g. decimal or a seven-point Likert scale) they would have problems to assign intermediate values. Eight of them (38 percent) mentioned that for other cases with larger numbers of terms it could be needed to use a larger scale, but for this case, an adequate domain knowledge would be needed in order to be able to assign accurate values using a larger scale.
Several participants pointed to some inconsistencies in the AGROVOC thesaurus, for instance, they considered that "mate" should not be at the same hierarchy level like "herbal teas" and a similar case involving "tea," "coffee," "tea substitutes" and "coffee substitutes." They also got surprised or even upset about the number of terms in certain "categories," for instance, a recurrent question was about how could there be only four terms nested under "foods/seafoods" and five under "foods/prepared foods/soyfoods." The evaluation process was not only useful for preparing the data set. Although this part of the experiment was initially planned and designed only to elaborate a data set with values for the concept specialization distance assigned by potential users, thanks to their gathered feedback we realized as additional result that this kind of evaluation could be a useful tool to locate and analyze this kind of inconsistences in a KOS.
Results of the end-user interaction evaluation
As previously mentioned, two scenarios in which the concept specialization distance information could be useful for information retrieval purposes, acquiring an end-user perspective were conceived. The first one was oriented for text-based searches (Figures 1 and 2 ) and the second one involved the use of a basic tree-like visual-interface (Figures 3 and 4) . Table IX shows the number and percentage of participants who preferred the interfaces using the concept specialization distance information. 
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The case of AGROVOC As it can be seen in Table IX , although there were more participants preferring the visual interface using the concept specialization distance information in the visual-interface scenario, the numbers were not significant, except for case C which exceeds 80 percent. On the other hand, for the same cases in the text-based scenario, the number of participants preferring the suggested terms selected by making use of the concept specialization distance is strongly higher. After the evaluation all participants were asked about their understanding of the logic under the cases. Once this was known, they were asked if they found the concept specialization distance to be useful for information retrieval purposes as the ones showed in the experiment.
In total, 19 participants (47.5 percent) were able to explain the logic behind the cases using the concept specialization distance, however, most of them only realized it after seeing the two or three first cases, while all of them realized about the alphabetical order at the very first case.
When the logic was explained, 25 participants (62.5 percent) found the use of the concept specialization distance as useful in the clear majority of cases. In total, 11 of them (27.5 percent) argued that it could be useful, but not for all the cases; particularly, they found that it could slow down the users when they have a clear idea about what they are looking for, since they considered it easier to find a term when terms are alphabetically ordered. Finally, four participants (10 percent) explained that they would mostly prefer the alphabetical order and in addition, two of these four participants (5 percent) had this preference even when they were able to realize about the logic behind the concept specialization distance by their own.
The reason for the difference related to the number of participants preferring the textbased approach using the concept specialization distance but not the visual interface one for the same case appears to be in the interface itself. It is known that several ways have been proposed to visualize KOS and using one visualization for a particular KOS or another can dramatically affect the end-user (Gaona-García et al., 2014).
As it could be seen in Figures 3 and 4 , for our experiment we chose a very simple tree-like approach to represent the KOS hierarchy and then we used the length of the arrows to represent the concept specialization distance. In this way, terms at the same hierarchy level were not placed at the same height what was disturbing and chaotic for several participantsespecially when they were unable to realize about the logic behind this approach -in contrast with the elements in the other text-based scenario that were placed following a clear order. On the other hand, as previously stated, once the logic was understood or explained, most of the participants considered the approach of concept specialization distance to be useful for both, the visual and text-based interfaces.
Conclusions, limitations, implications and future outlook
The main objective of this experiment was to evaluate the opportunities of the concept specialization from an end-user perspective. For this reason, the first step was to build a data set of concept specialization distances, according to the values provided by potential users instead of using domain-experts to assign them. Results showed a high rateragreement level, enabling to build a data set suitable for the second part of the experiment.
The end-user interaction evaluation followed an A/B testing approach proposing use cases implemented through both, text-based and visual interfaces. First results showed huge potential for the text-based interface while the expectations for the visual interface remained considerably lower.
The interviews with the participants reflected that the visualization approach employed for the experiment was not the most appropriate option to fully show the potential of the integration of the concept specialization distance information in this kind of interfaces. Most of the participants found the approach to be useful either for visual and text-based interfaces once the logic of the interface construction was explained to them.
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The number of participants -21 for the building of the data set and 40 for the evaluation of the practical applicability of the concept specialization distance -may seem small, but it should be noted that our experiment constitutes not only a first approach to evaluate the concept specialization distance from an end-user point of view but also a first approach to build a concept specialization distance data set from the same perspective. As explained in the background section, other studies which subjective evaluate aspects regarding the use of KOS show that this kind of evaluation requires a considerable amount of time for the participant to conduct the evaluation, so most studies of this type usually involve a reduced number of participants. We tried to get as much feedback as possible, but we faced the above-mentioned problem. In any case, considering the number of participants in comparable experiments and that all the evaluations were face-to-face, we consider the sample to be adequate for this first evaluation.
Our experiment provides additional evidence about the utility of assigning a grade of relative distance to represent the level of similarity between the related pairs of classifiers -namely "concept specialization distance" -for information retrieval purposes in textbased and visual interfaces. According to these first results, KOS developers could consider to include this information aiming to improve the utility of their KOS, and more precisely to:
(1) improve the suggestion of related search terms or related results; and (2) build different KOS visualizations interfaces, using this information to take decisions such as the position of the classifiers in the screen or which classifiers should be shown or hidden.
Furthermore, the methodology followed to obtain the concept specialization distance data set turned out to be useful for detecting inconsistencies in the KOS which could help in the quality control and optimization of the hierarchical relations. We have not further analyzed this aspect since it was neither part of the experiment nor envisaged during its planning and design but the feedback gathered through the use of this methodology clearly shows its opportunities. Future work should focus on using the concept specialization distance to conceive different visual interfaces aiming to find different ways to take advantage of this information. The data set built during this experiment could be used in future experiments as manually obtaining this information -either for new or existing KOS -is a considerable time-consuming task. Finally, another future research could comprise the possible use of the concept specialization distance, not only between BT/NTs but also between sibling terms.
